Abstract. The aim of the present study was to investigate whether quantitative dynamic contrast-enhanced magnetic resonance imaging (DCE-MRI) can predict an early response in primary esophageal carcinoma patients undergoing concurrent chemoradiotherapy. A total of 25 patients with who were pathologically confirmed stage II-III esophageal carcinoma underwent quantitative DCE-MRI prior to chemoradiotherapy, and at 3 weeks post-treatment, the quantitative parameters [K trans (volume transfer constant; the rate at which contrast agent distributes from the plasma to the EES), K ep (rate contrast; the rate at which the contrast agent that has diffused to the EES returns to the plasma) and V e (the contrast agent percentage in the space of the extracellular fluid)] were analyzed respectively. The 25 cases were categorized as a complete response (CR) or a partial response (PR). An independent samples Mann-Whitney U test was used to compare the quantitative parameters between CR and PR. A receiver operating characteristic curve (ROC) was used to determine the best predictor. In total, 17 patients were in the CR group and 8 patients were in the PR group. Pretreatment K trans , K ep and V e values were 0.54±0.17/min, 1.12±0.46/min and 0.37±0.14, respectively, in the CR group, and 0.40±0.21/min, 1.07±0.37/min and 0.40±0.22, respectively, in the PR group. There was a significant difference between the two groups for K trans , but there were no significant differences between the two groups for K ep and V e .
Introduction
Esophageal carcinoma is a common disease, and >80% of cases occur in developing countries. In 2008, esophageal cancer was the eighth most common cancer worldwide and China was ranked with the fourth highest morbidity rate for esophageal cancer worldwide with a five-year survival rate of <40% (1) . The early symptoms of the disease, which include difficulty swallowing and esophageal foreign body sensation, are not obvious, and thus the majority of patients are diagnosed at an advanced stage (2) . At present, the most common diagnostic techniques involve the examination of esophageal function, and include imaging analysis and esophagoscopy (3) . The current treatment methods for esophageal carcinoma include surgery, radiation therapy, chemotherapy, endoscopic therapy and combined therapy. Patients with early-stage disease are usually treated with surgery, while patients with advanced esophageal carcinoma or unresectable tumors are administered synchronous radiotherapy and chemotherapy, which may increase the survival rate of patients (4) .
The quantity of new vessels in a tumor and the permeability of the vessel walls can reflect the activity of the tumor tissues. Concurrent chemoradiotherapy can inhibit the expression of vascular endothelial growth factor (VEGF) effectively, thus preventing the regeneration of new vessels in a tumor (5-7). Quantitative dynamic contrast-enhanced , SHAOCHENG ZHU 2 , DAPENG SHI magnetic resonance imaging (DCE-MRI) takes advantage of dynamic enhancement and pharmacokinetic theory, and measures the K trans (volume transfer constant; the rate at which contrast agent distributes from the plasma to the EES), K ep (rate contrast; the rate at which the contrast agent that has diffused to the EES returns to the plasma) and V e (the contrast agent percentage in the space of the extracellular fluid) values in the region of interest (ROI) to monitor the condition in which the contrast agent penetrates the vessel wall and the distribution of the contrast agent in the extravascular extracellular space (EES) (8, 9) . The present study describes a novel approach for assessing functional parameters; a DCE-MRI double ventricle model technique was used to analyze the variation of quantitative parameters in patients with stage II-III esophageal carcinoma prior to chemoradiotherapy and at 3 weeks post-treatment, in order to investigate whether quantitative DCE-MRI can predict an early response in primary esophageal carcinoma patients undergoing concurrent chemoradiotherapy.
Subjects and methods

Subjects.
A total of 32 patients with stage II-III esophageal cancer who had undergone concurrent chemoradiotherapy at Henan Provincial People's Hospital (Zhengzhou, China) between April 2013 and April 2014 were included in this study. The inclusion criteria were: i) Patients were pathologically confirmed with stage II-III esophageal squamous carcinoma by esophagoscopy; ii) patients underwent DCE-MRI using the same equipment prior to chemoradiotherapy and at 3 weeks post-treatment; and iii) patients underwent esophageal carcinoma clinical and imaging response evaluation 1 month after finishing all the treatment courses. An ROI could not be set in 2 cases due to the large range of necrosis inside the tumor. The artifacts of another 2 cases were serious when moving. A further 3 cases failed the imaging test. Finally, 25 cases were selected, including 16 men and 9 women. The age varied from 52 to 80 years, and the mean age was 68 years. This study was conducted in accordance with the declaration of Helsinki. This study was conducted with approval from the Ethics Committee of Henan Provincial People's Hospital. Written informed consent was obtained from all participants.
Inspection methods. A 3.0T Discovery 750 MR scanner and 8-channel body special phased array coil designed by General Electric Company (GE Healthcare, Bethesda, MD, USA) was utilized. Electrocardiograph and respiratory gating were adopted by patients who could breathe normally, and single-shot was adopted by patients who could not breathe normally. Patients were maintained in the supine position, and underwent shallow and slow abdominal respiration training prior to treatment. In normal conditions, a transverse view was obtained by T2-weighted imaging (T2WI) and T1W1, and a sagittal view was obtained by T2WI scanning. DCE-MRI was performed using the liver acquisition with volume acceleration sequence, and the scanning parameters were as follows: Repetition time, 4 msec; echo time, 1.9 msec; depth of stratum, 3.8 mm; interlayer spacing, 1.8 mm; field of view, 34x34 cm; and matrix, 256x192. Gadodiamide, a gadolinium-based contrast agent was injected at a dose of 0.5 mmol/kg. An Ulrich Missouri (Ulrich Medical, Ulm, Germany) injector was used for the injection at a speed of 3.0 ml/sec through the detained trocar of the elbow vein before, then 25 ml normal saline was used as a bolus injection to wash this through. Patients were scanned for 6 periods (6 sec each) prior to injecting the contrast agent, then scanning was continued for 54 periods. A total of 60 periods and 960 images were collected, as every period included 16 images. MRI scans were performed 1 month after finishing all the treatment courses. The sequence and parameters were the same prior to chemoradiotherapy and at 3 weeks post-treatment.
Measurement and calculation of parameter values.
All the original data was transmitted to an ADW 4.5 workstation (GE Healthcare), and the Cintool software (GE Healthcare) hemodynamics Tofts two compartment model measured and calculated the parameter values. Two experienced abdominal imaging doctors set the ROI manually. Specific methods used included referring to the warm areas in K trans , K ep and V e , and moving the ROI in DCE-MRI until the maximal values of K trans , K ep and V e were obtained. Areas of cystic change, necrosis and hemorrhage, and areas containing normal vessels were avoided when setting the ROI. The positions of the two ROIs were at the same phases, layers and locations prior to chemoradiotherapy and at 3 weeks post-treatment.
Curative effect evaluation criteria. The maximal diameters of the tumor were measured respectively in MRI scanning images prior to chemoradiotherapy and at 3 weeks post-treatment. According to the Response Evaluation Criteria In Solid Tumors (10), the patients was divided into those with tumors exhibiting a complete response (CR) and those with a partial response (PR).
Statistical analysis. SPSS 19.0 statistical software (SPSS Inc., Chicago, IL, USA) was used to compare the variation of quantitative parameters between the CR and PR groups prior to chemoradiotherapy and at 3 weeks post-treatment. Two independent sample Mann-Whitney U tests were adopted. P<0.05 indicated that the differences were statistically significant. The ROC of the K trans , K ep and V e parameter values prior to chemoradiotherapy and at 3 weeks post-treatment was drawn to obtain the area under the curve and the maximal Youden's index, thus finding out the best parameter for predicting an early response in primary esophageal carcinoma, and its diagnostic susceptibility and specificity.
Results
Among the 25 patients with stage II-III esophageal carcinoma, 17 cases were designated to the CR group ( Fig. 1 ) and 8 cases were designated to the PR group (Fig. 2) . Among the parameters, for pseudocolor images, if the color was warmer, the parameter value (K ep ) would be higher; otherwise, the parameter value would be lower.
No statistically significant difference in parameter values was identified between the 2 groups prior to chemoradiotherapy (Table I) . At 3 weeks post-treatment, the values of K trans and K ep in the CR group decreased, but the values of K trans and K ep in the PR group increased, there was statistical significance between the two groups for these two parameters (both P<0.05). The values of V e in the CR group increased (P<0.05), and the values of V e in the PR group increased marginally; however, there was no statistical significance between groups (P>0.05) (Table II) .
ROC analysis of the parameter values prior to chemoradiotherapy and at 3 weeks post-treatment showed that the K trans values prior to chemoradiotherapy and K trans and V e values at 3 weeks post-treatment were the better predictive parameters in the CR group. The areas below the curve were 0.648, 0.741 and 0.796, respectively. At 3 weeks post-treatment, the susceptibility and specificity of K ep was 77.8 and 66.7%, respectively, (the diagnostic range was 0.933) (Table III) .
Discussion
According to the statistical report data on global carcinoma in 2008, China was ranked with the fourth highest morbidity rate for esophageal carcinoma worldwide (1) . Squamous carcinoma is the main pathological type of esophagus carcinoma in China, and features high-grade malignancy, rapid development, poor treatment effects and a high recurrence rate (11 when first presenting to a doctor (12) . Currently, the best treatment for esophagus carcinoma of intermediate and advanced stages is concurrent chemoradiotherapy (13) . Non-invasive imageological examinations are the main method to evaluate the early response of esophagus carcinoma. Clinically, barium meals and computed tomography scans are used to observe the variation in the tumor volume to evaluate the treatment effect. However, it is difficult to reflect the early response of a tumor objectively and accurately, as radiotherapy often causes reactive edema of tissue surrounding the tumor, and the tumor size does not vary markedly or appears as pseudoedema (14) . At the molecular level, DCE-MRI takes advantage of dynamics enhancement images and the pharmacokinetics model. It also takes consideration of the fact that the concentration of contrast agent varies as time progresses, and acknowledges the exchange process of contrast agent inside and outside the vessels, thus describing certain hemodynamics information quantitatively, such as the generation and permeability of carcinoma capillaries (15) . This technology has been applied to the grading and effect evaluation of certain malignant tumors, including glioma, breast carcinoma and prostate carcinoma (16) (17) (18) . By analyzing variations in surrounding parameter values of a DCE-MRI pharmacokinetics model in patients with esophageal squamous carcinoma prior to and following chemoradiotherapy, the present study aimed to investigate the assessment and predictive abilities of an early response in primary esophageal carcinoma patients undergoing concurrent chemoradiotherapy.
DCE-MRI quantitative parameters consisted of: i) K (8) . In the equation, Ct(t) was the rate of time of contrast agent concentration inside the tissue. Cp(t) was the rate of time of contrast agent concentration in the vessels near to the carcinoma. C(t) and Cp(t) were obtained respectively from the variation in T1 signal in the tissues and vessels, and then the K trans , K ep and V e values were obtained through the curve fitting calculation of numerous parameters (9) . This technology features the advantages of security, economy and the ability for repetitive use. It can be used to diagnose carcinoma qualitatively, to grade malignancy, to evaluate the effects of carcinoma and to develop antineoplastic drugs (19) .
The cellular metabolic cycle is three weeks, and at that time, an early response to chemoradiotherapy should have theoretically appeared. However, the side-effects of chemoradiotherapy may lead to edema. It is difficult to reflect the response of treatment objectively, if only depending on observing the carcinoma morphology. The results of the present study showed that there was a statistical difference between the CR and PR groups for the pharmacokinetics parameter values of K trans and V e when undergoing chemoradiotherapy for three weeks. Therefore, DCE-MRI could detect the variation in esophageal carcinoma at the microcirculation level. These results were in agreement with those found by Chang et al (20) . This study suggested that DCE-MRI quantitative imaging could distinguish between normal esophageal carcinoma and malignant carcinoma, and the K trans values of the mass declined markedly prior to and following chemoradiotherapy. According to the study, chemoradiotherapy could inhibit the expression of VEGF in the tumor vessels, thus preventing the generation of new tumor vessels. However, in the present study, it was found that chemoradiotherapy could also inhibit the generation of tumor cells, leading to the increase in the extracellular space and an increase in the volumetric proportion of the EES. This was represented by the increasing V e values in the study results. Carcinoma K ep values decreased after three weeks of chemoradiotherapy, but the variation was not marked. This had a certain association with the choice of ROI, as the heterogeneity inside the tumor affected the measurement of the results to a certain extent. The data showed that the patients who had higher K trans values prior to chemoradiotherapy exhibited a better treatment response compared with those who had lower K trans values prior to chemoradiotherapy. This agreed with the previous study results on the chemoradiotherapy response associated with breast, rectal, pancreatic, hepatocellular and renal carcinoma (21) (22) (23) (24) . After undergoing chemoradiotherapy, the K trans , Ke p and V e values of the 8 cases in the PR group increased slightly in the present study. Therefore, chemoradiotherapy did not change the local blood perfusion of the tumor tissues and the vascular permeability. Consequently, for patients who are not sensitive to chemoradiotherapy, the treatment plan should be adjusted as soon as possible to obtain an effective treatment time. Through comparing the abilities of different parameter values for predicting the early response of esophageal carcinoma patients undergoing chemoradiotherapy, the best parameters after three weeks of treatment were the K trans and K ep values .
The present study had certain disadvantages: i) The quantity of the sample was small, which may lead to a certain degree of bias in the results; ii) for the patients who did not have a clear esophageal lump, the choice of ROI was not exact; iii) in order to balance space resolution, time resolution was set at 6 sec, however, it was able meet the requirement of processing software after Cintool; and iv) there were numerous scan sequences of DCE-MRI, and the scanning parameters were also not consistent. Therefore, the degree of variation in imaging was larger, and this also affected the measurement of the parameter values.
In conclusion, quantitative DCE-MRI allows the perfusion of tumor tissue to be monitored in a non-invasive manner and thus, it may be applied to monitor tissues following radiotherapy treatment for esophageal carcinoma. Furthermore, the quantitative parameters, K trans and K ep , may be used to monitor the early clinical effects of esophageal carcinoma, which may lead to more objective and timely assessment of treatment. However, the V e parameter exhibited no clear advantages in assessing treatment efficacy, and thus requires further study.
